Since the introduction of the term low copy number DNA, also referred as low template DNA, touch DNA or trace DNA analysis, it has quickly become focal point of forensic DNA testing as well as other DNA based studies. Low template DNA (ltDNA) samples can be described as the samples which involve single source samples with template DNA in concentrations below 100 picograms (pg). Due to sensitivity of ltDNA samples to contamination, it is of great importance to optimize performance of the multiplex STR systems and existing protocols to increase chance of successful analysis. (PP16), multiplex STR system and PowerPlex ® Fusion (PP Fusion) were used for co-amplification of 15 and 24 autosomal STR loci respectively. Results of this preliminary study suggest that PP Fusion primer set is better optimized for the analysis of ltDNA samples, and it is more robust regarding presence of the potential PCR inhibitors.
Introduction
Forensic DNA testing also referred to as DNA fingerprinting/profiling is based on the basic principle of all living beings -molecular biodiversity (Rapley, 1998) . Through history the method has undergone improvement and modern technology provides possibility to generate a DNA profile from even miniscale biological samples making it easier for low enforcement to identify suspects using the DNA found at a crime scene (Marjanović et al., 2013) . DNA profiling is of vital importance in determining suspects with high percentage of correctness (Butler, 2011) . STRs (Short Tandem Repeats) are highly polymorphic genetic markers, which consist of repeat units from 1-9 bp (according to some sources 2-7 bp) in length (Primorac et al., 2014) . Their abundance throughout the human genome is on average one per 6-10 kb (Beckmann & Weber, 1992) . The number of STR loci used increases the discrimination value exponentially, making the possibility of finding another individual with the same STR profile extremely rare. (Butler, 2005; Butler, 2007 ). Extreme robustness, high level of discrimination, coamplification of multiple STR loci as well as obtaining of good results led to production of variety of multiplex STR kits. This resulted in usage of STR systems as key tools in forensics as well as some medical researches related to genetic diseases (Harder et al., 2012) . Low template DNA (ltDNA) refers to DNA samples which contain less than 100 pg which are required for generating individual complete profiles by standard PCR procedure involving 28-30 cycles. Analysis of such samples is defined as analysis of DNA samples where the results are below stochastic threshold for reliable interpretation (Grisedale & van Daal, 2012) . Low template DNA results in occurrence of amplification artifacts which presents one of the main challenges in this kind of analysis. Most commonly occurring artifacts include: allele drop-out, allele drop-in, locus-drop out, increased risk of sample contamination, increased stutters and peak imbalance (Primorac et al., 2014) . Frequently, ltDNA analysis results in generation of partial DNA profiles. A DNA profile is considered a full DNA profile when all allelic variants across all analyzed STR loci are clearly detected and when homozygosity and heterozygosity can be confirmed. On the other hand, profile where full detection of allelic variants is absent is called partial profile (Marjanović et al., 2013) . The main objective of this study was to compare the STR profile obtained with two multiplex kits. For this purpose we analyzed 20 low template DNA samples (skeletal remains, cigarette buts, chewing gum, poorly collected buccal swabs etc.).
Materials and methods
Twenty forensic samples (skeletal remains, cigarette buts, chewing gum, poorly collected buccal swabs etc.) from different previously managed forensic cases were prepared for additional analysis. DNA isolation was done using DNeasy ® Blood and Tissue Kit (Qiagen, Hilden, Germany) (Qiagen, 2012) from samples, except bone samples. DNA was isolated from bone samples using an optimized phenol/chloroform DNA extraction procedure following a previously described phenol-chloroform DNA extraction protocol (Davoren et al., 2007 
Results and Discussion
Quantification of isolated DNA from 20 selected samples shown that most of analyzed samples (13 out of 20) have quantity much lower than 100 pg. Seven samples have quantity higher than 1 ng. The total of 40 STR profiles were generated. In Previous studies suggested that PP Fusion, as a representative of the new generation multiplex STR systems, is extremely efficient for the analysis of the ltDNA samples (Marjanović et al., 2013; Marjanović et al. 2015; Čakar et al., 2017) . Additionally, similar results were obtained regarding analysis of the samples with potentially increased presence of PCR inhibitors, which proved that PP Fusion is very robust PCR tool (Oostdik et al, 2014) .
Results of this study showed that PP Fusion, as the multiplex STR system of the new generation, is more efficient PCR tool than PP 16 kit when it comes to the analysis of the challenging forensic samples. Application of PowerPlex ® Fusion kit (Oostidik et al, 2014) . Additionally, these results, together with previously published research (Čakar et al., 2017) , proved that PP Fusion is suitable forensic DNA identification tool even for the human skeletal remain samples.
Finally, this study showed that usage of PowerPlex ® Fusion is much more informative and convenient tool for the analysis of ltDNA and challenging samples than multiplex STR systems of the previous generation.
Conclusions
Multiplex STR-PCR systems are routinely used for DNA profiling in forensic laboratories worldwide. Selection of optimal PCR system is primarily based on specific laboratory's needs but precision and consistency also need to be considered. Our study Figure 1 . DNA profile of Sample 20 generated using PowerPlex ® Fusion (A) DNA profile of Sample 20 generated using PowerPlex ® 16 (B) showed that PowerPlex ® Fusion system provides more informative results in ltDNA analysis in comparison to previously available STR systems and therefore it represents more powerful tool for the analysis of challenging samples.
